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In  a study of three patients who developed acute  symptoms follow-
ing  gastroenterostomy,  it  was  shown  that  the  important  chemical
changes  were  an  increase  in  the  non-protein  nitrogen  of  the  blood
coinciding with a very high nitrogen excretion in the urine, an increase
in the carbon dioxide-combining power of the blood plasma, a marked
fall  in  chlorides  in the  whole  blood,  and  an almost total absence  of
chlorides  in  the  urine.l  The  symptoms  and  the  changes  in  the
chemistry of the blood we have interpreted as resulting from intoxica-
tion brought about probably by an obstruction of the duodenum at the
gastroenterostomy  stoma.  These findings  have led  us to investigate
more  completely  the  chemistry  of  the  blood  of  dogs with  intestinal
obstruction  to  ascertain  whether  changes  such  as  were  observed
clinically occur when the intestine is experimentally obstructed.
It  is a generally accepted  fact that the  symptoms in intestinal  ob-
struction are  due  to  the  action  of  some powerful  toxic agent  which
develops  soon after the obstruction  occurs.  It  has been abundantly
proven  also  that  the  toxic  agent  destroys  protein  at a  rapid  rate.
This  is  shown by  the great  increase  in  nitrogen  excretion,  which  is
coincident  usually with an increase in the non-protein  nitrogen of the
blood.
Tileston and Comfort2 were the first to point out the increase in blood nitrogen.
Later  Cooke,  Rodenbaugh,  and  Whipple3 studied  experimentally  the  chemical
changes  in  dogs  following  intestinal obstruction.  They  confirmed  the  findings
reported by the first two observers, that there is a gradual increase in non-protein
t Haden, R. L., and Orr, T. G., Bull. Johns Hopkins Hosp., 1923, xxxiv, 26.
2 Tileston, W., and Comfort, C. W., Jr., Arch. Int. Med., 1914, xiv, 620.
3  Cooke, J. V.,  Rodenbaugh,  F. H., and  Whipple,  G. H., J. Exp. Med.,  1916,
xxiii, 717.
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nitrogen  and  urea  nitrogen.  They  also  made  single  studies  on  eight  dogs  and
one man  of the uric  acid,  creatinine,  creatine, and amino-acid nitrogen, in addition
to the total non-protein  nitrogen  and the urea nitrogen.  Their conclusions  were
that there is always an increase in the non-protein nitrogen,  that the urea nitrogen
is not  a good  index  of the rise  in  total blood  nitrogen,  and  that  the other  non-
protein nitrogenous  bodies  show  no significant  change except  an occasional rise in
creatinine.  Draper4 reports  a  chemical  study  of  the  blood  in  one  dog,  with
essentially  the  same  findings,  except  that the  uric  acid  was  high  before  death.
Louria  and  Rabinowitch6 have  reported  findings  in  human  cases  of  obstruction
similar  to those  in experimental  animals and they  have  emphasized the  value  of
the  study  of  the  blood  nitrogen  in  the  differential  diagnosis  and  prognosis  of
acute abdominal conditions.
There have been few studies reported on the bicarbonate content of  the plasma
in intestinal obstruction.  Whitney makes the statement
7 that there is no acidosis.
Draper found  in one  dog a gradual fall in the alkali  reserve.  Odaira8 has  studied
the  reaction  of  the  blood  following  intestinal  obstruction  in  rabbits,  using  the
hemoglobin dissociation  constant method,  and concludes  that there is  always  an
acidosis which  is relieved by the administration  of sodium  bicarbonate.  We  can
find no record of studies on the blood chlorides in the literature.
Method.
Dogs  were  used  throughout  the  experiments.  All  operations
were  done  under  ether  anesthesia  with  aseptic  technique.  The
animals  were kept in metabolism  cages  and were given no  food after
operation  and usually  none  for 48  hours preceding operation.  They
were  allowed  water  ad  ibitum.  Blood  for  chemical  analysis  was
obtained from  the jugular  vein before  operation and at 24 hour inter-
vals  thereafter  until death.
The  non-protein  nitrogen,  sugar,  and  creatinine  were  determined
by  the  method  of  Folin  and  Wu,
9 amino-acid  nitrogen  by  the
method  of  Folin,l°  the  carbon  dioxide-combining  power  by  the
method  of  Van  Slyke,"  urea nitrogen  by  the Van  Slyke  and  Cullen
4 Draper, J. W., J. Am. Med. Assn., 1917,  lxix, 1768.
5 Louria, H. W., Arch. Int. Med., 1921,  xxvii, 620.
6 Rabinowitch, I. M., Canad. Med. Assn. J., 1921,  xi, 163.
7 Whitney, J. L., Arch. Int. Med., 1917,  xx, 931.
s Odaira, T., Tohuku J. Exp. Med., 1921, ii, 570.
9 Folin, O., and Wu, H., J. Biol. Chemt., 1919,  xxxviii, 81.
10 Folin,  O.,  J.  Biol. Chem., 1922,  li,  377.
" Van Slyke, D. D., and Cullen,  G. E., J. Biol. Chemn.,  1917, xxx, 289.RUSSELL  L.  HADEN  AND  THOMAS  G.  ORR
modification 1 2 of  the Marshall  method,  and  uric acid by the method
of  Benedict.l3 The  chlorides  were  determined  on  the  tungstic  acid
filtrate  in  the manner  suggested  by  Gettler.' 4 For  the  non-protein
nitrogen  in  the urine  Folin's  micro  methods was  used,  and  for  the
chlorides  a modified  Volhard-Arnold  method.
OBSERVATIONS.
The chemical findings in the blood of twenty-five normal dogs have
been summarized  in Table  I to  serve  as  a basis  in interpreting  the
results  obtained  in  the  experimental  animals.  The  average  non-
protein  nitrogen  is  30.3  mg.,  urea  nitrogen  11.1  mg.,  uric  acid  1.5
mg.,  creatinine  1.5  mg.,  amino-acid  nitrogen  6.3  mg.,  sugar  76  mg.,
and  chlorides  458  mg.  per  100  cc.  of  blood.  The  average  CO2-
combining power is 36.5 cc. per 100 cc.  of plasma.  Raymundl 6 found
the average  CO2-combining  power in dogs  to  be 43.4 cc.  per  100 cc.
of  plasma.
In Table II are summarized  the results of a blood chemical  analysis
for  10  consecutive  days on  a normal  fasting dog.  There  is a fall  in
urea  nitrogen,  non-protein  nitrogen,  and  sugar.  Little  change  is
noted in the C02-combining power and there is no decrease in chlorides.
The blood findings with the different types of operation are grouped
together.  The changes  following ligation  of  the duodenum,  ligation
of  the  duodenum  and  gastroenterostomy,  and  ligation  of  the ileum
are  shown  in Tables  III,  IV,  and V.  There is  a gradual rise  in  the
chlorides and  a rise in the CO2-combining  power.  There  are  no  sig-
nificant  changes  in the non-protein  nitrogenous  bodies.  The  rise in
the urea  nitrogen  follows  closely  that  of the  total non-protein  nitro-
gen,  and, contrary  to the idea expressed  by Cooke,  Rodenbaugh,  and
Whipple,  it  is  a good  index  of  the  rise  in blood  nitrogen.  The  bi-
carbonate  content of the blood plasma,  as shown by the  C02-combin-
ing power, is usually doubled.
2 Van Slyke, D. D., and Cullen,  G. E., J. Am. Med. Assn., 1914,  xii, 1558.
13 Benedict, S. R., J. Biol. Chem., 1922,  li, 187.
14 Gettler, A. O., J. Am. Med. Assn., 1921,  xxvii,  1652.
15 Folin, O.,  and Denis, W., J.  Biol. Chem.,  1916,  xxvi, 473.
16 Raymund, B., Am. J.  Physiol., 1920, liii,  109.
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The findings  in two dogs following  section of the ileum at the ileo-
cecal valve  are  of interest in  comparison  with the effects  of  obstruc-
tions  of  the  upper  intestinal  tract  (Table  VI).  The  symptoms
TABLE  I.
Blood  of Normal Dogs.
Dog No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
Average ......
Amount  per 100 cc.
Total non-
protein
nitrogen.
mg.
35.7
30.0
22.8
34.9
27.8
23.0
32.3
23.6
27.3
26.5
23.8
22.2
20.5
40.0
26.1
51.8
51.8
33.3
40.0
30.0
22.4
37.5
28.5
20.8
25.4
30.3
Urea
nitrogen.
mg.
7.0
8.4
8.9
8.9
8.4
14.0
7.9
10.3
6.1
6.1
5.6
7.5
9.3
23.4
26.1
17.8
23.4
7.0
7.0
15.9
9.8
5.1
10.3
11.1
Uric
acid.
mg.
1.3
2.0
1.4
1.5
1.1
1.0
1.1
2.8
1.6
2.1
1.6
2.3
1.5
1.3
0.6
0.6
0.6
1.8
2.0
1.5
1.5
Creati-
nine.
itg.
2.1
1.8
1.3
1.9
1.2
1.4
1.5
1.1
1.6
1.6
1.6
1.8
1.4
1.6
1.7
1.5
1.7
1.5
1.5
1.4
1.2
1.4
1.5
1.6
1.4
1.5
Amino-
acid
nitrogen.
mg.
5.7
5.7
5.0
6.3
4.9
5.8
7.0
7.1
7.7
7.0
6.8
7.0
7.0
5.7
6.3
Sugar.
mg.
116
79
55
55
79
79
50
68
109
64
63
75
82
86
52
61
54
100
61
111
83
91
73
76
Chlo-
rides.
mg.
380
380
420
520
410
490
455
510
460
470
470
430
470
500
460
440
450
440
490
510
458
Co 2-
combining
power.
vol. per cent
31.5
38.4
42.1
43.9
32.8
42.8
38.1
43.0
43.7
34.7
39.3
42.1
43.9
39.3
42.1
29.1
27.4
20.8
33.8
26.3
32.4
28.7
43.0
36.5
presented  are similar  to those  seen in high  obstruction.  The animals
live  somewhat  longer  and  show  a  small  increase  in  total  nitrogen.
There  are  no  significant  changes  in  the  CO2-combining  power  or
chlorides.
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TABLE  II.
Normal Fasting Dog.
Blood.
Amount per  100 cc.
Urea
nitro-
gen.
mg.
15.9
11.7
9.3
7.9
7.0
14.5
6.1
7.0
15.8
Uric
acid.
mg.
0.6
0.7
0.7
0.7
1.5
1.7
1.7
1.2
1.5
Creati-
nine.
mg.
1.4
1.7
1.4
1.2
1.4
1.7
1.4
1.3
1.3
1.3
Amino-
acid
nitro-
gen.
mng.
7.0
5.8
7.0
5.6
5.4
5.6
4.9
5.5
Sugar.
mg.
111
133
87
103
100
87
59
93
111
Chlo-
rides.
mg.
450
470
460
490
470
560
490
490
500
520
COr
combin-
ing
power.
Vol.
per cent
26.3
29.1
34.7
40.0
44.3
39.0
32.0
44.7
32.4
37.2
Vol-
ume.
cc.
500
150
30
250
100
TABLE  III.
Dog. 24.  Ligation of the Lower End of the Duodenum.
Blood.
Amount per  100 cc.
Urea
nitro-
gen.
mg.
5.2
8.4
7.0
5.6
15.4
5.1
25.7
46.2
88.3
Uric
acid.
mg.
2.0
1.8
1.5
1.3
1.4
1.4
1.6
1.5
Creati-
nine.
mg.
1.6
1.6
1.6
1.4
1.3
1.4
1.3
2.7
1.5
Amino-
acid
nitro-
gen.
mtg.
5.7
6.4
6.4
7.5
6.6
5.8
7.5
10.0
7.7
Sugar.
mg.
91
88
77
121
80
114
125
154
119
Chlo-
rides.
mg.
490
420
340
420
300
280
250
360
210
C0 2-
combin-
ing
power.
Vol.
per cent
28.7
40.0
57.0
50.4
48.5
62.6
75.9
77.1
66.4
Urine.
Vol-
ume.
cc.
1,000
50C
800
300
30C
250
80
200
200
Chlo-
rides.
gm.
4.2
0.2
3.7
0.1
0.1
0.3
0.4
0.4
0.3
369
Urine.
Day.
1
2
3
4
5
6
7
8
9
11
Total
non-
protein
nitrogen.
mg.
37.5
33.0
25.0
24.0
21.8
23.0
27.3
28.0
'30.6
35.3
Chlo-
rides.
gin.
0.90
0.57
0.02
0.80
0.40
Total
nitro-
gen.
gm.
0.43
1.80
0.14
2.40
1.10
Day
after
opera-
tion.
0
1
2
3
4
5
6
7
8
Total
non-
protein
nitro-
gen.
mng.
20.0
22.2
31.6
30.6
37.5
30.6
57.8
97.3
150.0
Total
nitro-
gen.
gm.
3.2
5.3
5.3
2.8
2.8
2.9
0.5
1.6
2.1
-
l
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Dog  20  is  of  special  interest.  The  ileum  of  this  animal  was  ob-
structed about midway with a tape ligature.  This partly cut through,
leaving  a  partial  obstruction  with  only  a  small  opening.  There
TABLE  IV.
Ligation of  the Duodenum  with  Gastroenterostomy.
Amount per  100 cc.
Total
non-
protein
nitro-
gen.
rag.
26.3
24.8
61.8
25.5
42.2
67.4
27.8
29.7
60.2
40.0
36.6
35.3
40.(
27.3
26.3
36.6
42.2
107.(
Urea
nitro-
gen.
ng.
6.5
31.7
6.5
18.3
27.8
8.9
9.8
33.6
23.6
15.4
8.4
9.3
12.6
10.3
18.2
22.4
74.3
Uric
acid.
mg.
1.3
1.1
2.3
1.5
1.3
1.4
1.4
1.9
1.4
1.3
1.0
2.8
2.7
3.1
Creati-
nine.
mg.
1.3
1.3
2.9
3.4
2.2
3.8
1.2
1.8
1.7
1.5
1.7
1.2
1.6
1.5
2.1
1.8
2.6
*  This  dog  recovered.
were no symptoms at any time. There was a marked fall in chlorides
without  other  changes  in  the  blood.  The  animal  was  sacrificed  3
weeks after operation.  A marked hypertrophy of the ileum above the
obstruction  was found.
Blood. Urine.
Amino-
acid
nitro-
gen.
mng.
Dog
No.
2
3
5*
14
Day
after
opera-
tion.
0
1
2
0
1
2
0
1
2
3
4
5
6
0
1
2
3
4
5
5.7
Sugar.
mg.
90
78
66
104
91
78
79
94
78
73
78
82
159
91
175
C02-
combin-
ing
power.
vol.
per cent
24.9
21.1
58.0
33.4
54.0
60.7
42.1
58.8
46.7
37.4
56.9
50.4
42.1
38.4
47.6
81.0
67.1
47.6
Chlo-
rides.
mg.
380
370
300
300
310
350
460
390
340
290
300
220
Vol-
ume.
cc,
170
210
400
500
1,200
2,000
500
500
530
1,200
1,000
700
1,200
200
800
20C
40C
100
200
Chlo-
rides.
gn.
0.7
0.7
2.0
1.9
4.0
5.4
1.6
1.6
1.6
1.7
1.3
1.3
1.9
1.4
2.7
0.3
0.6
0.3
1.2
Total
nitro-
gen.
grm.
0.8
0.8
1.1
2.5
0.7
32.0
3.6
4.3
9.6
5.5
6.0
7.7
3.4
0.7
3.2
1.2
0.8
1.1
0.8
: l
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Ligation of the Ileum.
Blood.
Amount per  100 cc.
Uric
acid.
rng.
1.1
1.0
1.2
2.3
1.2
2.3
1.5
1.4
Creati-
nine.
mg.
1.1
1.0
2.0
1.6
1.7
1.0
2.0
1.6
1.9
1.8
2.0
1.6
Amino-
acid
nitro-
gen.
mg.
5.4
5.0
5.4
5.3
4.6
6.6
6.1
Sugar.
mg.
68
56
57
64
87
61
149
109
116
90
TABLE  VI.
Ligation  of  the  Ileum at the  Ileocecal  Valve.
Blood.
Amount per  100  cc.
Uric
acid.
mg.
1.8
2.0
1.4
1.4
1.7
1.5
1.6
1.6
2.0
1.4
2.5
2.6
3.3
1.8
2.0
1.6
Creati-
nine.
mg.
1.5
1.5
1.4
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.1
1.2
1.0
1.3
1.2
1.1
Amino-
acid
nitro-
gen.
mtg.
6.4
6.2
5.4
6.6
7.7
7.5
7.5
7.5
5.3
5.1
5.1
6.5
5.1
5.1
6.1
Sugar.
mg.
83
108
105
95
88
105
125
118
87
42
49
95
49
57
49
42
Chlo-
rides.
tmg.
440
440
420
440
390
410
380
400
390
500
470
460
450
470
500
500
C02-
combin-
ing
power.
Vol.
per  cenl
32.4
36.2
44.7
34.2
34.2
43.8
49.4
38.1
38.1
40.4
34.3
40.0
43.8
32.4
36.2
30.5
Urine.
Vol-
ume.
cc.
1,000
660
300
100
150
100
1,000
500
500
500
50
Chlo-
rides.
gm.
1.2
0.1
0.2
0.1
0.03
0.2
1.2
0.15
0.10
0.13
371
Urine.
Dog
No.
8
9
Day
after
opera-
tion.
0
1
2
3
4
5
6
0
1
2
3
4
Total
non-
protein
nitro-
gen.
mg.
23.6
34.9
25.4
30.0
40.0
42.2
120.0
27.3
33.0
30.(
30.6
40.0
Urea
nitro-
gen.
mg.
7.9
7.5
7.5
9.3
17.8
27.1
74.0
10.3
11.2
12.6
11.7
22.4
CO-
combin-
ing
power.
Vo
l.
per cent
42.8
51.3
58.9
50.4
51.3
59.8
47.6
38.1
42.8
50.4
50.4
65.5
Chlo-
rides.
mg.
420
350
370
355
310
330
210
520
360
270
330
290
Vol-
ume.
cc.
10
500
30C
500
500
1,000
30C
1,000
200
300
Chlo-
rides.
gm.
0.2
1.2
0.33
0.5
0.7
3.6
0.9
1.0
0.8
0.66
Tota
nitro-
gen.
gm.
0.1
0.6
3.6
1.1
4.6
2.6
0.9
3.3
1.6
5.4
Dog
No.
23
25
Day
after
opera-
tion.
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
Total
non-
protein
nitro-
gen.
mg.
28.5
29.1
31.2
27.7
31.6
35.2
40.0
50.0
79.0
30.0
28.5
23.4
21.8
21.1
30.6
Urea
nitro-
gen.
rmg.
9.8
12.1
9.3
5.1
9.3
14.0
15.4
22.7
33.6
7.9
7.0
6.1
5.6
12.6
11.2
25.2
Total
nitro-
gen.
gm.
1.7
0.7
2.9
1.7
1.5
1.3
6.2
4.6
5.7
5.7
=-
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DISCUSSION.
These  studies  show  that  the  first  chemical  changes  taking  place
during the intoxication incident  to obstruction  of the upper intestinal
tract are a fall in the blood chlorides  and a rise in the carbon dioxide-
combining  power  of  the  plasma.  The  rise  in  non-protein  nitrogen
does not occur until  there is a marked  depletion  of  the chlorides.
It seems evident that the fundamental  change is a fall of chlorides.
The  rise  in  COz  is  probably  incidental  to  the  chloride metabolism.
There  would  seem  to  be  first  a loss  or  a fixation  somewhere  of  the
chlorine  ion,  leaving  the  sodium  ion  free  to  combine  with  carbon
dioxide  and to circulate  as sodium  carbonate.  The  level of  the C02
in the blood plasma will, however, depend upon the rate of formation,
the rate of excretion of carbonates by the kidney, and the neutralizing
effect  on  the  carbonates  of  acid bodies  formed  in the  course  of  the
intoxication.  In  most  instances  there  is  an  actual  increase  in  the
available  alkali.  This is  an  especially  important  fact  in  connection
with  the  treatment  of  such  intoxications.  It  has  been  the  custom
with clinicians in the past to treat patients with intestinal obstruction
by administration of large amounts of alkali.  In certain cases tetany
develops,  due,  it seems,  to the great  excess  of alkali.  The  onset of
this complication  can only be  hastened  by giving alkali.
The changes in the chloride metabolism are the most striking feature
of  the  intoxication  due  to high  obstruction.  The  chlorides  are  first
affected  and are lost  or used  up in  some manner.  The depletion  of
chlorides  is  probably  related  to  the  increased  protein  destruction.
The most obvious  explanation  for the disappearance  of the chlorides
is  a  loss  by  vomiting.  We  have  cited,  however,  one  clinical  case'
in which  the  blood  changes  were  observed  in the  entire  absence  of
vomiting.  In several  of the dogs operated upon there was practically
no  vomiting  until  just  before  death,  although  the  fall  in  chlorides
began soon after operation.  The total  chloride excretion  in the  com-
bined  urine  and  vomitus  is low.  In Dog 20 (Table VII)  there was a
marked fall  without  vomiting.  To rule  out vomiting completely  as
a  cause  of  the fall,  we  studied  the chlorides  following  intestinal  ob-
struction  in  one  rabbit.  Rabbits  cannot  vomit.  Before  operation
the non-protein  nitrogen  was 36.1  mg. and the chlorides  530 mg. per
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100  cc.  of blood.  30 hours  after operation  the non-protein  nitrogen
had risen to 108 mg. and  the chlorides  had fallen to 350.
It is well known that with an increase in carbon dioxide in the plasma
there is a fall in te plasma  chlorides due to the interchange  between
plasma and red cells.  We made all chloride determinations, however,
on whole  blood,  thus  eliminating  this  interchange  as  a  factor.  It
seems possible that the chlorides may be used up in the course of the
TABLE  VII.
Dog 20.  Partial  Obstruction of the Ileum.
Day
after
opera-
tion.
0
1
2
3
4
5
6
7
8
9
10
11
12
Blood.
Amount per 100 cc.
Total
non-
protein
nitro-
gen.
mg.
30.0
33.3
33.0
26.5
22.7
22.5
30.0
24.4
28.2
30.6
34.1
32.2
Urea
nitro-
gen.
mg.
7.0
9.8
14.9
10.7
6.5
8.4
7.9
10.7
14.0
13.5
13.1
Uric
acid.
mg.
0.6
1.1
0.6
0.6
1.3
1.8
1.6
1.4
Creati-
nine.
mg.
1.4
1.4
1.3
1.7
1.5
1.6
1.5
1.5
1.4
1.4
1.2
Amino-
acid
nitro-
gen.
mg.
7.4
8.1
8.9
7.3
7.7
7.1
6.6
6.2
6.9
5.5
Sugar.
mg.
100
49
111
70
76
78
80
56
84
108
Chlo-
rides.
mg.
460
490
430
480
310
370
430
340
380
380
390
420
C02-
combin-
ing
power.
vol.
per cent
20.8
48.6
38.4
45.8
50.4
58.9
57.6
36.2
46.6
51.3
41.9
41.9
Urine.
Vol-
ume.
cc.
800
1,500
250
35
50
200
100
30
60
200
600
600
Chlo-
rides.
gm.
2.6
1.8
0.6
0.1
0.02
0.04
0.03
0.01
0.2
0.04
0.18
0.18
Total
nitro-
gen.
gm.
2.6
9.9
1.5
0.8
1.0
8.0
1.0
0.7
0.2
2.2
4.8
4.8
increased  tissue  destruction. Against  this  is  the fall  in  chlorides
before the nitrogen destruction  becomes evident.  It  is true also that
there may be an attempt  to protect the body protein by a change  in
reaction  since  autolysis is  not so  active  in alkaline  media,  and it is
possible that the toxic agent may act through autolysis.  And finally,
the  possibility  that the  chlorides  may play  a  direct  protective part
must be considered.  Further studies are under way to determine the
exact part played by the chlorides and will be reported in a later paper.
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If it is essentially protective  the use of chlorides in treatment may be
highly important.  The results of such  treatment both in man and in
experimental  animals,  as contrasted  with the results after administra-
tion  of  glucose,  water,  and diuretics,  will be  reported later.
The relation between  the non-protein  nitrogen  and the urea nitro-
gen is of interest.  The  results indicate  clearly  that when  the deter-
minations  are made by the methods  outlined,  the  urea nitrogen  is  a
reliable index  of  the level of  non-protein  nitrogen  in  the blood.
The  amino-acid  nitrogen shows  little change.  This with a normal
urea  metabolism,  we  believe,  negatives  entirely  the  idea  recently
expressed  by  Werelius' 7 that  hepatic  insufficiency  is  the  immediate
cause of death in obstruction.
The sugar shows no significant change.  The uric acid and creatinine
show nothing  unusual.
These  studies  emphasize  the importance  of blood  chemistry  in  the
study  of  intestinal intoxications.  Heretofore,  results  of  experiments
have been  determined  largely  by symptoms  and  by whether  or not
death  ensued.  The symptoms are due  to changes which are reflected
in the blood long before  the symptoms arise.  This is well  shown  in
Dog 5 (Table  IV)  and Dog 20  (Table  VII).  In  these animals  there
were  no symptoms  at any time.  One  showed  well marked  chemical
changes in the chlorides and non-protein nitrogen.  The other showed
changes in the blood chlorides due  to a partial obstruction  as demon-
strated  by  autopsy.
It is  of  special  interest  to  note  the differences  in salt metabolism
when  the obstruction is high up in the intestinal  tract and when it is
lower down.  With the first mentioned  condition there is a depletion
of  the  chlorides  with  a  resulting  alkalosis,  whereas  with  the  latter
there is no fall in chlorides and no alkalosis.
The  chloride metabolism  of the upper intestinal tract intoxications
is similar to that found by Peabody 8 in acute lobar pneumonia due to
the pneumococcus,  and  in  serum  disease  by Rackemann,  Longcope,
and Peters.'9
17 Werelius, A., J. Am. Med. Assn., 1922, lxxix,  535.
18 Peabody, F. W., J. Exp. Med.,  1913, xvii, 71.
19 Rackemann,  F.  M.,  Longcope,  W.  T.,  and  Peters,  J.  P.,  Arch. Int. Med.,
1916, xviii, 406.RUSSELL  L.  HADEN  AND  THOMAS  G.  ORR
SUMMARY  AND  CONCLUSIONS.
A study  of the non-protein  nitrogen, urea nitrogen,  uric acid,  crea-
tinine, amino-acid  nitrogen, sugar; and chlorides  of the blood  and the
CO2-combining power of the plasma in normal dogs, and in dogs after
different  types of intestinal obstruction,  is reported.
Following ligation of the duodenum, ligation of the duodenum with
gastroenterostomy,  and ligation  of  the upper half of  the ileum,  a fall
in chlorides  and  a rise in the non-protein  nitrogen  and urea nitrogen
of  the blood  and  in the  CO2-combining  power  of  the plasma  occur.
The  uric  acid,  creatinine,  amino-acid  nitrogen,  and  sugar  show  no
significant  changes.  The  fundamental  change  is  a  fall  in  chlorides
followed by an alkalosis.  The  degree  of  alkalosis  depends upon  the
rate  of  formation  of  carbonate,  rate  of  excretion  by  the  kidneys,
and  extent  of  neutralization of  the  carbonate by acid  bodies  formed
during  the  intoxication.
The fall in chlorides is probably due  to a utilization  of the chlorine
ion in the course of the intoxication.  It is  suggested  that this use of
chlorine is a protective measure on the part of the body.
There are indications  that high intestinal obstruction should not be
treated by the administration  of alkalies.
The urea  nitrogen  is  a good index  of  the protein  destruction.
Ligation  of  the ileum  at  the  ileocecal  valve  is followed  by little
increase in nitrogen  and no change in the chlorides or CO2-combining
power of the plasma.
The  close similarity  of the blood findings  in intestinal obstruction,
acute lobar pneumonia, and serum disease suggests that  these widely
different  conditions may have  a common  chemical basis.
375